Abstract-The wealth of modern enterprises has progressively shifted from tangible assets (capital, resources, …) into intangible ones (knowledge, reputation, skills management, innovation processes, …). Intangibles are closely related to the natural interactions normally occurring among work practices. This is where ideas, innovation, learning, knowledge, social cohesion, and other diverse intangibles synergistically contribute to performance, competition differentiators and value creation. In order to make these intangibles productive for the organization, we have to define suitable models for their correct representation in real contexts, as well as tools for their proper management in the workplace environment in a transparent way. All these aspects are the foundation of the ARISTOTELE research project. In this paper, we address two issues: i) the use of semantic technologies for modeling and cross relating relevant organizational assets, namely knowledge, competency, worker and learning; ii) how to design a software architecture for managing these models through the integration of ad-hoc developed tools and commercial off-theshelf platforms.
INTRODUCTION
In the so-called modern "knowledge society" characterized by a profound crisis, the organizations are more and more realizing the importance of shifting from tangible assets to intangible ones in order to increase their competitiveness [1] .
The basic assumption is that ideas, innovation, learning, knowledge, relationships, social cohesion and other intangibles contribute, in a synergic way, to performance, competition differentiators and value creation.
The agility of organizations in recognizing, integrating and merging these elements has become the critical success factor for achieving competitiveness, in a world characterized by an ever-increasing rate of change and an ever-decreasing time-to-market for new products and services.
Acting and reacting in these scenarios requires in turn a speedier time-to-proficiency of knowledge workers, by supporting creativity and innovation inside organizations including the way people learn (informally and/or formally), collaborate, share ideas, knowledge, and organizational goals [2] .
Enhancing the learning and knowledge management capability of organizations is the key to achieve the aforementioned integration and merging of intangible assets; nevertheless, the organizations' learning capabilities have been mainly devoted so far to the acquisition of individual knowledge, skills and competencies that are very difficult to share with peers [3] .
One of the main problems is that often learning processes that occur in organizations are neither self-planned nor derived by a detailed analysis on specific activities forming a business process. Instead, they are basically pre-designed for specific targets or roles and confined to a small number of reserved time slots.
In this scenario, it becomes extremely important to find in information technologies the right support for the provision of advanced solutions finely tuned to the continuous change in competitive conditions.
The ARISTOTELE research project, a 6M€ European Commission co-funded research and development project (2010-2013) aims to provide an answer to these issues. ARISTOTELE addresses organisations that aim at fostering collaboration, joint competency development, innovation, knowledge development and the relationships of the latter to the application of their results in business processes.
The paper is organised as follows: in the Section II an overview of the ARISTOTELE project, describing its aims and vision is provided. Section III introduces the two key elements of the project, the conceptual models and the advanced tools, explaining how both are used for capturing the intangible assets. Section IV presents the overall architecture describing the principle followed for its design. A description about how semantic models are managed is provided as well. Finally, future works are presented in Section V.
II. OVERVIEW OF THE ARISTOTELE PROJECT
In organisational contexts, three main kinds of processes are traditionally present and, generally, managed in an isolated fashion: organizational processes (such as marketing & communication, human resources management, business processes), learning processes (such as group training sessions), and social collaboration processes (such as processes involving the spontaneous formation of groups inside the organization). According to our vision, to raise competitiveness of an organization, its key processes should be built, organised and managed by taking into account either the strategic goals and the human factors (such as motivation, acceptance etc.) of the users.
In accordance with this vision, Figure 1 delimits the ARISTOTELE problems domain (grey shared circle and boxes) and gives a graphical overview of how ARISTOTELE aims at relating learning processes with organizational processes/goals and innovation management process.
The figure shows an Organisational Learning Process where arrows represent the common challenging activities faced by today's enterprises, and some typical Organizational Processes.
We see the black marked circles as "glue points" among those two cycles. The first one at the top of the picture represents the key features of an organisation: the strategic goals and the workforce (i.e. human resources with their needs, preferences, attitude, requirements, dispositions, etc.). The second glue point is the one at the bottom of the picture and represents the added value of an organisation such as knowledge, ideas, competitive differentiator and other intangibles that ARISTOTELE aims to merge and integrate into the loop.
The middle line connecting the black points represents the innovation management process that, starting from the strategic goals and the workforce of an organization, aims to create added value via the execution of creative activities (e.g. sharing and aligning human needs and goals to the strategic ones, supporting creative activities, collaboration, dissemination, etc.). In order to support this complex enterprise scenarios, ARISTOTELE defines a sets of semantic web-based models, methodologies and tools integrated in an enterprise software architecture as described in Figure 2 . The enterprise architecture is built upon existing and well consolidated technologies, namely the IWT -Intelligent Web Teacher [5] , a learning and knowledge management platform, and Microsoft Share Point Server 2010, in order to speed-up the development and facilitate the adoption, acceptance and assimilation within the organizations.
III. THE ARSITOTELE CONCEPTUAL MODELS AND TOOLS

A. The models
The ARISTOTELE Models are at the basis of the ARISTOTELE semantic layer and play a central role because they enable intelligent features of the ARISTOTELE platform. The following four models have been identified and defined:
• Knowledge Model (KM) -This model focuses on three aspects of knowledge: o Training domain -Models domain knowledge that is relevant for the learning activities and it is based on the IWT Domain Knowledge Model; o Enterprise activity and strategy domainModels enterprise knowledge, e.g. strategies, processes, activities, documentation, and, in general, all output generated by workers in their activities, including social interactions with peers; o Organizational knowledge -The set of lightweight ontologies represented in SKOS (Simple Knowledge Organization Scheme) that are exploited to provide a shared classification of the organization resources and entities. The models have been defined by following a process that is based on three cornerstones: i) the analysis of organizational practices of the application partners, the project's scenarios and requirements, and the methodologies needs to derive the main concepts and relationships of the four models; ii) the definition of few and clear principles to follow during the modeling activities; iii) the selection of a set of specifications, standards like FOAF, SIOC, REA, HR-XML, IEEE RDC (see D3.1 deliverable public deliverables section in [4] for more details) and available models from the Intelligent Web Teacher (IWT) platform [6] that constitute the building blocks of the four models as explained in [7] and [8] .
All the ARISTOTELE models are formalized using RDFS/OWL and this supports a concrete enforcement of the models on semantic web stacks, interoperability among them, and easy linkage with other models emerging within the semantic web community.
ARISTOTELE models are static representations of enterprise-wide knowledge relevant to the ARISTOTELE purposes and do not deal with the ARISTOTELE dynamic operation. ARISTOTELE dynamics is represented using a set of process patterns. Process patterns are partially specified business processes that show how to connect activities to solve a problem [9] . Being partially specified, patterns can be extended and customized to become practical process designs. An important role in the modeling approach followed by ARISTOTELE is played by the Organization Ontologies (OO).
OOs are designed according to the specific area on which the enterprise that uses ARISTOTELE platform falls. Specifically, in order to use ARISTOTELE it is needed to define SKOS schemas to conceptualize a context of the specific enterprise. In the enterprise, knowledge is not always represented with semantic structures (i.e. taxonomies, ontologies, etc.), thus expert users are involved to design this layer of knowledge.
The role of ARISTOTELE Models and OO are complementary. ARISTOTELE Models are aimed to structure the knowledge base according to the tools and project objectives. OO are aimed to semantically annotate ARISTOTELE Instances.
In order to represent the classification relation between ARISTOTELE instances of the models and OO there is a need to connect concepts of ARISTOTELE Models to concepts of OO. A simple technique is annotating each ARISTOTELE Instance with the URI of a concept in the OO (i.e., the URI of a SKOS concept).
Let us consider the competency in the field of ARISTOTELE. Competence Model is essentially defined in terms of three components: Knowledge, Skill and Attitude (KSA). The notion of skill refers to a specific ability required in undertaking a task. The notion of knowledge refers to the set of information required to undertaking a task (e.g. a set of know-what) in a specific context. Attitudes are cognitive or relational capacities on undertaking a given type of task and assignment. We need to harmonize textual descriptions for KSA by tagging or classifying key concepts of competence description. The competence model and instances involved should be related to OOs that provide domain concepts useful to add context information about the defined competence.
Let us consider Figure 4 : concepts in the OO enable us to relate projects and competences by means of concepts of OO. So, OO provides a bridge to browse the overall knowledge base, operating as a glue layer among different ARISTOTELE Instances.
B. The tools
As explained in the previous section, ARISTOTELE aims to exploit the synergy of three main kinds of processes: organizational processes (such as human resources management, business processes), learning processes (such as group training sessions), and social collaboration processes (such as processes involving the spontaneous formation of groups inside the organization).
In order to provide a concrete support to the main stakeholders in the execution of these key processes and related activities ARISTOTELE provides a set of advanced tools implementing specific methodologies. The relationship tying together the models, methodologies and tools is explained in Figure 2 . The models represent the information (enterprise assets); the methodologies describe how to manage the information provided by the models in order to provide advanced features; and the tools implement the techniques and approaches defined by the methodologies supporting the business processes according to the patterns. The available tools are:
Knowledge Management (KM) Tool, exploiting methodologies and techniques supporting organizational knowledge building and maintenance (merging, matching, versioning) in a semi-automatic way using knowledge extraction techniques as well.
Human Resource Management (HRM) Tool, exploiting methodologies and techniques supporting competence gap analysis, team and group formation, internal resources competence development, and recruitment.
Social Collaboration and Networking (CN) Tool, aiming at supporting the innovation process within the organization. In particular, the final aim is to provide specific learning plans based on exploitation of collaborative network. The combination of adaptive learning strategies with "non-adaptive" emergent competency change, based on serendipitous exploitation of someone else's knowledge available in social network.
Learning Experience Generation (LEG) Tool, exploiting methodologies and techniques to monitor the worker behavior, to recommend suitable contents and didactic approaches to the workers, to generate, adapt and manage personalized learning experiences tailored to the organizational objectives.
Personal and reliable Work and Learning Environment (PWLE) tool, acting as a methodological and technological integrator for all the other tools. This tool helps knowledge workers to achieve their objectives, supports learning and knowledge activities, connects workers to each other, and contributes to fuel the organizational knowledge base.
IV. THE ARISTOTELE ARCHITECTURE
For the definition of the ARISTOTELE architecture an iterative and incremental approach has been followed. The approach has leveraged on a mix of well-established principle [10] and has been inspired to the software architecture design approach proposed by SEI's [11] . The view and beyond approach described in [12] has been followed for documenting the architecture.
We started with the definition of a high level architecture aiming at defining the boundaries that establish the depth and breadth of the architectural description, through the identification of the architecture's problem set, the definition of its context and the level of detail required for the architectural content.
This high level architecture can be considered like an extended version of a conceptual architecture [10] and provides a common framework for:
• identification of the drivers for the architecture of the ARISTOTELE platform; • definition of a high-level view of the ARISTOTELE platform providing a common understanding of the ARISTOTELE platform; • definition of the ARISTOTELE "container", defining the different types of blocks that can be part of the ARISTOTELE platform, specifying for each type of block the guidelines for designing it. This framework allows different architects to have a common reference to be followed for their architectural design. The objective is to reduce the risk of integration in the subsequent phases of the implementation of the ARISTOTELE platform.
From a methodological point of view, the high level architecture provides a set of guidelines in terms of:
• An integrated dictionary, that defines common terminology and definitions in the development of the Architectural Description. These taxonomies can be used as building blocks for Views within the Architectural Description.
• A logical description of the architecture, in order to provide an understanding of what kind of building blocks we rely on and how they contribute to the achievement of the whole system. This will be presented in terms of views.
• A decomposition of the system, to be used as a map to sort out all the building blocks and to understand how each of them contributes to the whole system. • The capabilities to be provided by the system. Specifically, the design process foresaw the following steps:
1. Identify architecture objectives, i.e. the goals and constraints that shape our architecture and our design process to assess the work and the effort. 2. Identify capabilities from key scenarios defined by pilot users. We shape the architecture to meet these scenarios. A key scenario is architecturally (for at least one architectural aspect) significant when depicts deployment constraints, sketches a welldefined component, is business critical, etc.. 3. Architecture Drivers -Starting from project objectives and capabilities, we identify a series of architecture drivers which the design choices will be based on. Drivers give us goals, constraints and scope of the architectural design. 4. Define the Architecture overview -We call Architecture Overview a sketch of what the whole system will look like when it will be completed. This is the first baseline from which candidate architectures will be built (iteratively) and against which the candidate solutions will be compared for the refinement. The sketch includes information about: o The type of the application or the different services composing the whole system. We identify the application type or the combination of application types that we are going to build. o Deployment constraints. We identify and understand any deployment constraints to determine impacts on the architecture. o Architecture styles. We determine which architecture styles (or a combination of these) we will use in the design (SOA, enterprise service bus, …). o Relevant technologies. We identify the relevant technological choices based on the application type and other constraints. 5. Identify the potential weaknesses, hot spots and risks. 6. Refine the Architecture -Following the identified spikes, we identify candidate architecture for improving the baseline. If the architecture design team establishes that the candidate is an improvement, it becomes the new baseline. This iterative and incremental approach allows to mitigate risks and iteratively render the whole architecture.
A. The data management in ARISTOTELE and the semantic layer
This section aims at presenting the data access management strategies adopted in the design of the ARISTOTELE platform. The analysis of the project objectives, scenarios and requirements reveals the need to deal with disparate kinds of data (structured and unstructured) coming from different sources. In order to define a common strategy for data access, in ARISTOTELE we have:
• Identified the categories of data that tools and services have to manage; • Identified the different kinds of data sources that store the data; • Identified the data access approach and related technologies The choice depends on the type of data/data source we are dealing with, and how we want to manipulate it within the system; • Identified the relevant design patterns and abstractions to implement a loosely coupled interface to the data layer;
Semantic layer
Abstract Access Layer (ARISTOTELE Entity Framework) Figure 5 The ARISTOTELE Semantic layer A key component of the ARISTOTELE data management is provided by the semantic layer ( Figure 5 ).
1) Semantic Layer
The Semantic Layer (SL) enables the knowledge exchange among the several knowledge-oriented components of the ARISTOTELE system and blends unstructured and structured content in order to drive and support knowledge building.
As described in Figure 5 the Knowledge Building Layer (KBL, that provides the core capabilities of the knowledge building tool) is one of the components of the Semantic Layer that, along with the Enterprise Linked Data Layer, accesses and modifies the data stored in the Structured Repository and originated from User Generated Content, IWT and other legacy systems.
In order to orchestrate these different components we chose to follow the Repository Design Pattern.
This pattern implies the use of a repository to separate the logic that retrieves the data and maps it to the entity model from the business logic that acts on the model. The business logic should be agnostic to the type of data that comprises the data source layer. For example, the data source layer can be a database, a SharePoint list, or a Web service. The repository mediates between the Data Source layer and the business layers of the application. It queries the data source for the data, maps the data from the data source to a business entity, and persists changes in the business entity to the data source.
The SL resolves queries about data or models, accessing the data and models that are stored in the repository of the system. At the same time, it acquires elicited knowledge (coming from the system tools) in order to update and enrich models in the repository. In other words, SL leverages the level of knowledge exchanged between the users and the system, through the inference-based mechanism that reveals implicit knowledge. Similar interaction models are defined for the other system tools.
The SL uses a specific database for the storage and retrieval of Resource Description Framework (RDF) metadata (Triplestore) based upon SESAME and OWLIM. OWILM is a high-performance semantic repository, implemented in Java and packaged as a Storage and Inference Layer (SAIL) for the Sesame RDF database.
2) The Enterprise Linked Data Layer
The fundamental role of the Enterprise Linked Data Layer (ELDL) is to enable the knowledge building and exchange in cross-data scenarios, that is, in scenarios based on the aggregation and the exchange of information from different data silos.
The ELDL is capable of eliminating heterogeneities and building a unified view across all data. This kind of semantic integration is possible due to the use of the ARISTOTELE models as a shared conceptual representation of the data and their relationships.
While the KBL is responsible for extracting and analyzing knowledge (e.g. from User Generated Content), the LDL provides a means for accessing and retrieving structured data and making complex queries on it.
The ELDL virtualizes, using the abstraction access layer, a web-accessible repository. This layer has been designed as an entity framework with ARISTOTELE-tailored business functions. This allows us to hide the SPARQL queries behind specific business entities, in order to better support the models and the evolution of the knowledge base. The main features that this layer provides are:
• A simple API for storing, managing and retrieving semantic relationships among entities; • Flexibility in the schema allowing for easy application evolution; • A solution based on open internet standards;
• A Service Oriented approach, enabling rapid development with low deployment costs; • A scalable infrastructure to have the repository grow in line with the organizational needs Two other important components of the ELDL are the Federation query and the Federation insert. The Federation query component executes a query on multiple repositories. This component allows multiple datasets to be virtually combined into a single dataset. It combines multiple repositories that may exist on a remote server or locally. The Federation insert component executes an insert/update operation on multiple repositories. This component allows multiple datasets to be virtually combined into a single dataset.
V. FUTURE WORK
All the ARISTOTELE tools and the semantic layer has been already developed. In the first semester of the 2012, the experimentation within the two application partners organizations will be carried out. Aspects related to the tools' functionalities, usability, and interoperability will be validated. Moreover, specific instantiation of the models for both application partners will be executed and validated.
The experimentation and validation results will be used for completing the design and implementation of the ARISTOTELE architecture. A further scenario-based experimentation of the integrated platform will be executed in the middle of 2013. Interested readers can follow the project's development via twitter (http://twitter.com/#!/Aristotele_ip).
